Abstract: This project is focused to study on the cooling performance of liquid cooling system under different process parameter.
Introduction
Recent development of microprocessor is getting complex and to meet future trend it need to be designed in much smaller form factor that may resulted to inefficient thermal management due to dramatically increase in power density and heat flux of the package. Conventional air cooling seem will no longer be able to meet the futuristic thermal needs of the future packaging trend and a serious solution to this become a critical to ensure a viable solution space for next generation microprocessor. One of the potential solutions is to employ liquid cooling methods [1] .
In this research, a liquid cooling system using distilled water and vegetable oil has been constructed. From this setup, experimental test can be conducted by manipulate the relevant process parameter -flow rate and input power. As a result, the effect of process parameters on the cooling performance can be evaluated from the test.
Materials and Methodology
Materials and setup. Distilled water and vegetable oil are chosen as the coolant materials. Most of the major components for the setup come from commercialized standard liquid-cooling kit for desktop CPU. The experimental liquid cooling system consist of a closed fluidic circuit (Figure 1 ) which is mainly composed of a reservoir (Swiftech MCRES-Micro Rev2), pump (Swiftech MCP655 12 VDC), CPU water block (Swiftech APOGEE XT), radiator (Swiftech MCR-220), a copper block of overall dimensions 70mm x 70mm x 12mm that attached to a heating element which is simulates heat generated by CPU microprocessor. Electric power is supplied to the heating element from a DC power supply (Topward 6303D). All components are connected by Tygon tube (R3603) and be tightened with pipe clip to ensure a leakage-free system.
Several type-K thermocouples (T1 -T4) were installed at various locations of the liquid cooling system to monitor the fluid temperatures. The thermocouple (T4) is connected to a data logger (PicoLog 1216) for data collection. Process parameters. Figure 2 shows the result obtained from conventional air cooling system with heatsink and fan. This is done for comparison purpose to the water cooling system. The test begins with a forced circulation of liquid at the selected flow rate driven by an installed pump. Simultaneously, the heater is powered on and heats the copper block (CPU). The cooling system is operated at different process parameters as shown in table 1. The cooling performance of each run is evaluated based on the following measurements:
Where q electric is the total electric input power, W; m is the mass flow rate, g/s; T 1 and T 2 are, respectively, fluid temperature at inlet and outlet of the water block, o C; T4 is the temperature at heated copper block, o C; C p-coolant is fluid specific heat J/kg K and A is a surface area of base plate. The effect of mass flow rate and input power to the cooling performance between water and vegetable oil is evaluated.
Result and Discussion
Final T4 temperature different process parameter. Results from figure 3 shows that the temperature measured at 66min for both water and vegetable oil has reduce as the mass flow rate of the liquid increased. Compare to conventional air cooling result (figure 2) the used of liquid cooling system can reduce the heat at the copper block as much as 30 ºC. This proves that the cooling performance can be improved at higher mass flow rate [2, 3] and this is particularly due to stronger forced convection is achieved at higher mass flow rate. It is also observed that the heating rate is decreasing with respect to time; in other means, longer time is required to increase the CPU temperature. Despite temperature of copper block is rapidly increased at the first 20 minutes, but the curve is getting gradual over time. The gradual curve has becoming more noticeable started from 50 minutes, and a more stable and constant CPU temperature is expected. A similar phenomena was obtained from another research conducted by [3] using water as coolant, a CPU temperature is able to maintain at 42ºC for at least 80 minutes at full load conditions before it took 120 minutes to increase temperature from 41ºC. At higher input power, 47.66 W (figure 4), the temperature trend at T4 for both supplied coolant is following the temperature trend on lower input power (29.12w). The higher flow rates will lower the temperature of the heated copper block (T4 temperature). In the case of higher heat flux at copper block, the result from vegetable oil is slightly better compare to water cooling. Since vegetable oil has lower specific heat capacity of 1.67 kJ/kg.K compare to water with 4.187kJ/kg.K, vegetable oil can better dissipate the absorbed heat. The viscosity of the vegetable oil in the system is 48.98 cP, and still the circulation was running smoothly without bubbles. This was mainly due to higher shear stability and viscosity index of vegetable oil [7] .
Another research has also shown the same decrement trend of temperature-flow rate relationship, the research was conducted by Roberts [2] , the result shows that temperature gain of deionized water at 15ml/min flow rate is approximately 10 K, and 5 K at 29ml/min. Another notable similar results were also obtained from other researchers: Chen [4] , Naphon [5] , and JaeYoung [6] Effect to heat transfer coefficient and thermal resistance at different process parameter. Figure 3 -5 show the trend of higher mass flow rate will result in better heat transfer coefficient, consecutively, CPU can be operated at lower temperature. In the case of higher produced heat flux (47.66 W input power), the effect of mass flow rate was still significant, it was also found that heat transfer coefficient is increased when heat flux is higher [4] . Based on thermal resistance equation (2) for water cooling system, temperature at heated copper block, T 4 , is decreased at higher mass flow rate; inversely, the average fluid temperature at water block is increased. This illustrates that high amount of heat is carried by the water at higher mass flow rate.
Indirectly, it also describes the advantage of high heat capacity of water which allows it to absorb more heat for each increment of temperature. Low thermal resistance is preferred for the cooling system, as this will ensure the heat is well transferred through the convection by encouraging heat to flow through the interface between water block and CPU. This also been discussed by other researcher that the thermal resistance was reduced at higher mass flow rate [7, 8] . For vegetable oil cooling system, both T 4 and average fluid temperature at water block decreases with the increased of mass flow rate. The decreasing of [(T 2 +T 1 ) / 2] in respect to higher mass flow rate was basically due to small heat capacity (1.67J/g.K) of vegetable oil which provides it the easiness of heat dissipation through the radiator (Average temperature difference, T 2 -T 3 1.65ºC at 29.12 W and 1.78ºC at 47.66 W), eventually, the inlet temperature T 1 of vegetable oil at the water block is smaller, so as the average fluid temperature at the water block. For vegetable oil cooling system the thermal resistance is indirectly proportional to the mass flow rate.
Conclusion
Mass flow rate has a direct influence to the efficiency of heat transfer of a liquid cooling system. At higher heat flux (47.66 W input power) or low heat flux condition (29.12 W input power), high mass flow rate improves the heat transfer coefficient of a fluid and reduces the thermal resistance of the interface of between CPU and water block, ultimately, lower CPU temperature is conserved. Thus, mass flow rate is an ineligible and crucial process parameter for the performance enhancement of a liquid cooling system. In term of material, both water and vegetable oil are good cooling fluid (H water 650~1100 W/(m 
